We analyze the long-term (rest-frame 3-30 yr) X-ray variability of eleven broad absorption line (BAL) quasars, mainly to constrain the variation properties of the X-ray absorbing shielding gas that is thought to play a critical role in BAL wind launching. Our BAL quasar sample has coverage with multiple X-ray observatories including Chandra, XMM-Newton, BeppoSAX , ASCA, ROSAT , and Einstein; 3-11 observations are available for each source. For seven of the eleven sources we have obtained and analyzed new Chandra observations suitable for searching for any strong X-ray variability. We find highly significant X-ray variability in three sources (PG 1001+054, PG 1004+130, and PG 2112+059). The maximum observed amplitude of the 2-8 keV variability is a factor of 3.8 ± 1.3, 1.5 ± 0.2, and 9.9 ± 2.3 for PG 1001+054, PG 1004+130, and PG 2112+059, respectively, and these sources show detectable variability on rest-frame timescales down to 5.8, 1.4, and 0.5 yr. For PG 1004+130 and PG 2112+059 we also find significant X-ray spectral variability associated with the flux variability. Considering our sample as a whole, we do not find that BAL quasars exhibit exceptional long-term X-ray variability when compared to the quasar population in general. We do not find evidence for common strong changes in the shielding gas owing to physical rearrangement or accretion-disk rotation, although some changes are found; this has implications for modeling observed ultraviolet BAL variability. Finally, we report for the first time an X-ray detection of the highly polarized and well-studied BAL quasar IRAS 14026+4341 in its new Chandra observation.
INTRODUCTION
Fast outflows are common in active galactic nuclei (AGNs) over a range of more than 10,000 in AGN luminosity (e.g., Laor & Brandt 2002; Ganguly & Brotherton 2008) . These outflows are a significant component of the nuclear environment, and their ubiquity suggests that mass ejection in a wind is fundamentally linked to mass accretion onto a supermassive black hole (SMBH). Indeed, outflows may be key in allowing the accreting matter to expel angular momentum. Observationally, while these outflows are most commonly studied via the absorption features they imprint upon ultraviolet (UV) and X-ray spectra, they are also thought to shape emissionline and continuum properties (e.g., Murray & Chiang 1997; Richards et al. 2011) . Studies of the outflows from luminous AGNs, such as those seen in Broad Absorption Line (BAL) quasars, have taken on further importance in recent years as they are one of the possible agents of feedback in typical massive galaxies (e.g., Di Matteo et al. 2005) . Outflows from luminous AGNs may expel enough gas from the SMBH/galaxy system to quench both SMBH growth and star formation, perhaps leading to the observed relations between SMBH and bulge properties (e.g., Gültekin et al. 2009 ).
One frequently used and generally well-supported model proposes that the UV absorption lines of BAL quasars originate in a line-driven wind that is launched from the accretion disk at ≈ 10 16−17 cm from the SMBH (e.g., Murray et al. 1995; Proga et al. 2000) . In this model, the weak X-ray emission seen from BAL quasars (e.g., Gallagher et al. 2006; Gibson et al. 2009 ) is due to absorption in stalled, highly ionized "shielding gas" at smaller radii that protects the wind from nuclear extreme UV and soft X-ray radiation; without such an absorbing layer, these energetic photons would so highly ionize the potential wind material that it could not be effectively accelerated via line pressure. Supporting observational evidence for the physical importance of the shielding gas comes in the form of correlations between the X-ray weakness of BAL quasars and the strength and velocity of their UV C iv BALs (e.g., Gallagher et al. 2006; Gibson et al. 2009; Wu et al. 2010) .
The nature of the shielding gas in BAL quasars remains poorly constrained observationally. Heavy X-ray absorption is directly seen in many of the BAL quasars with X-ray spectra of reasonable quality (e.g., Gallagher et al. 2001 Fan et al. 2009 ). Measured absorption column densities span a broad range of typically N H ≈ 10 22 -10 24 cm −2 , although most individual N H measurements have significant uncertainties owing to limited photon statistics and absorption complexity (e.g., ionization and partial-covering effects). The kinematics of the X-ray absorber in BAL quasars is also poorly constrained. The X-ray absorber is sometimes envisioned to be a stalled "sacrificial wind" that protects the UVabsorbing wind launched at larger radii (e.g., Proga et al. 2000) , although in one BAL quasar apparent evidence for a rapidly outflowing X-ray absorber has been found (e.g., Chartas et al. 2009; Saez & Chartas 2011 ). Mag-netocentrifugal effects, as well as radiative ones, may play an important role in setting the kinematics of the X-ray absorbing shielding gas (e.g., Everett 2005) .
Remarkable X-ray absorption variability has been seen in a few BAL quasars (e.g., Gallagher et al. 2004; Schartel et al. 2005 Schartel et al. , 2007 Miller et al. 2006; Chartas et al. 2009 ), typically on multi-year timescales, indicating that the X-ray absorber is indeed a dynamical structure. This variability could be due simply to accretion-disk rotation moving an azimuthally asymmetric X-ray absorber through our line of sight; at the expected radius of the shielding gas ( 10 15−16 cm), substantial fractional disk rotation is expected on multi-year timescales. The results on X-ray absorption variability in BAL quasars are broadly reminiscent of those found for lower luminosity Seyfert 2 galaxies, where X-ray absorbing column densities are found to vary commonly (e.g., Risaliti et al. 2002 Risaliti et al. , 2009 ). In addition to variations in X-ray absorber column density, some BAL quasars with multiple observations have also shown notable continuum luminosity variability. For example, the normalization of the power-law continuum in PG 2112+059 decreased by a factor ≈ 3.5 between 1999 and 2002 (Gallagher et al. 2004) , and continuum variability of this magnitude continued through 2007 (Schartel et al. 2010) .
Current studies of the X-ray absorption variability of BAL quasars suffer from small sample sizes. Presently only a handful of BAL quasars have sensitive coverage in multiple X-ray observations, and thus the general frequency of BAL quasar X-ray variability remains poorly characterized. In order to improve this situation, we targeted seven optically bright BAL quasars as part of Chandra Cycle 11 that already had sensitive archival X-ray observations with Chandra, XMM-Newton, or earlier missions. We obtained relatively short observations (5-7 ks) suitable for searching for any strong X-ray variability. Our main goal was to execute an economical multi-year X-ray variability search for as many objects as possible, so that the basic X-ray variability properties of BAL quasars could be characterized as a class. Similar ongoing efforts are also now characterizing the multiyear UV absorption-line variability of BAL quasars (e.g., Gibson et al. 2008 Gibson et al. , 2010 Capellupo et al. 2011 Capellupo et al. , 2012 Filiz Ak et al. 2012) , and X-ray constraints upon shielding gas variations will inform these efforts. In addition to presenting our new Chandra Cycle 11 observations below, we also utilize the existing archival X-ray observations of BAL quasars capable of constraining long-term X-ray variability; this maximizes our sample size.
The layout of this paper is as follows: in §2 we describe the sample and the X-ray data reduction; in §3 we provide a description of the spectral analysis; in §4 we provide our variability results and discussion focusing on long-term X-ray variability; and in §5 we summarize our main findings. Throughout this paper, unless stated otherwise, we use cgs units, the errors listed are at the 1σ level, and we adopt a flat Λ-dominated universe with H 0 = 70 km s −1 Mpc −1 , Ω Λ = 0.7, and Ω M = 0.3.
OBSERVATIONS AND DATA REDUCTION
Our sample consists of eleven BAL quasars that have been observed in the past by sensitive X-ray missions including Chandra, XMM-Newton, BeppoSAX , ASCA, ROSAT , and Einstein. Seven of these BAL quasars have been re-observed with new short-exposure (5-7 ks) Chandra observations that are analyzed in this paper. In Table 1 we present the Galactic column densities, radio-loudness parameters (R L ), 6 and some basic optical and radio properties for our sample. The redshifts of our sample quasars range from 0.04−2.88. The only sources that are not radio-quiet quasars (RQQs; R L ≤ 10) are PG 1004+130 and Mrk 231, radio-loud quasars (RLQs) with R L > 10. Notice, however, that in the case of Mrk 231 there is likely substantial reddening (A V ∼ 2; e.g., Boksenberg et al. 1977) ; as a consequence the intrinsic 4400Å flux density would be approximately an order of magnitude higher. Based on this argument Mrk 231 would not be considered a bona-fide RLQ.
In Table 1 we also present the number of X-ray observations of each source and the rest-frame time span coverage. The distributions of the number of X-ray observations with the respective rest-frame time span coverage are presented in Figure 1 . There are 3−11 X-ray observations with rest-frame time span ranging from 3−30 yr per source. The observation logs of the sources analyzed in this work, which include observation dates, observed count rates with 1σ error bars, and exposure times, are presented in Table 2 for the Chandra, BeppoSAX , ROSAT , and Einstein observations; Table 3 for the XMM-Newton observations; and Table 4 for the ASCA observations. The errors on the source counts were computed by propagating the asymmetric errors on the total and background counts using the approach described in §5 of Barlow (2004) . The total and background count errors were obtained from Tables 1 and 2 of Gehrels (1986).
Chandra observations
The Chandra observations (new and archival) were analyzed using the standard software CIAO version 4.2 provided by the Chandra X-ray Center (CXC). Standard CXC threads were employed to screen the data for status, grade (ASCA grade 0, 2, 3, 4, and 6 events), and time intervals of acceptable aspect solution and background levels. For most of the observations the source and background spectra were extracted (using the CIAO task dmextract) from a circular region with an aperture radius of 4 ′′ 7 and an annular source-free region with an inner radius of 6 ′′ and an outer radius of 24 ′′ , respectively. For the cases of PG 1004+130 and Mrk 231 the source, annulus inner, and annulus outer radii are (16 ′′ , 20 ′′ , 30 ′′ ) and (24 ′′ , 30 ′′ , 50 ′′ ), respectively. For these sources we have selected larger extraction regions given that they possess extended X-ray emission. The extended emission of PG 1004+130 and Mrk 231 has been studied by Miller et al. (2006) and , respectively. We selected the radius of extraction for these sources using a fixed background region (annular region of inner radius 40 ′′ and outer radius 60 ′′ ) and estimating the total counts as a function of aperture radius. The aperture radius selected corresponds to that where the total counts reach an approximately constant 6 The radio-loudness parameter is defined as the ratio between the flux density at 5 GHz and the flux density at 4400Å in the rest frame of the source (Kellermann et al. 1989) .
7 The 1.5 keV encircled energy at 4 ′′ from the center of an on-axis point source is ∼ 99% for ACIS-S . Dickey & Lockman 1990) , obtained using the optical coordinates of the sources and the HEASARC NH tool at http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl c The monochromatic AB magnitude at rest-frame wavelength 2500Å. These were computed from the flux densities obtained from the closest optical magnitude found in the NASA Extragalactic Database (NED; http://ned.ipac.caltech.edu) and extrapolating a power-law with α = −0.5 (e.g., Vanden Berk et al. 2001 ). Previous to the extrapolation the flux densities obtained through NED have been corrected for Galactic reddening. d Logarithm of the radio-loudness parameter (RL = f5GHz/f 4400Å ). The flux densities at rest-frame 4400Å are obtained using the Galactic reddening corrected flux densities obtained from the closest optical magnitudes and extrapolating a power-law with α = −0.5 (e.g., Vanden Berk et al. 2001) . The flux densities at rest-frame 5 GHz have been obtained using either the flux densities at 1.4 GHz or the flux densities at 5 GHz. When both the 1.4 GHz and 5 GHz flux densities are available, we find the flux density at rest-frame 5 GHz through a power-law interpolation between the two values. For all the sources with the exception of SBS 1542+541 the flux densities at 1.4 GHz were obtained from the NVSS (Condon et al. 1998) or the FIRST survey (White et al. 1997) . Additionally for PG sources the flux densities at 5 GHz were obtained from Kellermann et al. (1989) . For SBS 1542+541 the flux densities at 1.4 GHz and 5 GHz were obtained from Petric et al. (2006) . e Hi = ultraviolet spectra show high-ionization BALs only; Lo = low-ionization (Mg ii and/or Al iii) BALs present. f Number of X-ray observations (N X-ray ) with their rest-frame time span coverage in years (∆trest).
value. The use of larger source regions for the Chandra observations of PG 1004+130 and Mrk 231 is necessary in order to make fair flux comparisons with the other Xray missions that have more limited angular resolution. The numbers of counts in the source regions at energies of 0.5-8 keV are presented in Table 2 . The response files used to analyze the source spectra were created with the CIAO tasks mkacisrmf for the redistribution matrix files (RMFs) and mkarf for the ancillary response files (ARFs).
XMM-Newton observations
The XMM-Newton data were analyzed with the Science Analysis Software (SAS) version 10.0.0 provided by the XMM-Newton Science Operations Centre (SOC). The events files were obtained by including the events with flag = 0, pattern ≤ 12 (pattern ≤ 4), and 200 ≤ PI ≤ 12, 000 (150 ≤ PI ≤ 15, 000) for the MOS (pn) detectors. The events files were also temporally filtered in order to remove periods of flaring activity. To filter the events files for periods of flaring activity, we created light curves using single events with energies greater than 10 keV. Using these light curves we find and remove from the events files the time periods where the count rate is above 0.5 count s −1 for the MOS cameras and 1 count s −1 for the pn camera. For the three EPIC detectors (MOS1, MOS2, and pn), the source counts for each quasar were extracted from a circular region with an aperture radius of either 18 ′′ or 30 ′′ . 8 The default aperture radius of the source extraction region was 30 ′′ ;
however, when the background counts were > 20% of the total counts inside this region an aperture radius of 18 ′′ was used. Under this criterion most observations were reduced using 18 ′′ apertures. The cases that were reduced with 30 ′′ apertures were the 2001 December 8th observation of CSO 755, the Mrk 231 observation, the PG 1001+054 observation, and the 2003 May 14 observation of PG 2112+059. The background spectra for most of the sources were extracted from annular sourcefree regions with 50 ′′ inner radii and 100 ′′ outer radii. In cases where this region covered other X-ray sources or detector gaps, the background was extracted from a source-free circular region with radius 80 ′′ in the vicinity of the source. The numbers of counts in the source regions for the XMM-Newton cameras are presented in Table 3 . These counts are selected at energies of 0.5-10 keV for the MOS cameras and 0.3-10 keV for the pn camera. The response files used to analyze the source spectra were created with the SAS tasks rmfgen for the RMFs and arfgen for the ARFs.
ROSAT observations
The ROSAT PSPC observations were analyzed following the ROSAT xselect guide.
9 Using the prescription given we applied all the standard corrections (gain variations, gain saturation, analog-to-digital nonlinearity, and dead time) to obtain cleaned events which were used for the subtraction of the source and background spectra. The source spectra were extracted from circular regions with aperture radii of 50 ′′ . The background spectra for most of the sources were extracted from annular sourcefree regions with 100 ′′ inner radii and 200 ′′ outer radii; The counts correspond to the net photon counts (background subtracted). The exposure times and photon counts are obtained after screening the data. b For details about the aperture sizes used see §2. The errors on the source counts were computed by propagating the asymmetric errors on the total and background counts using the approach of Barlow (2004) . The total and background count errors were obtained from Tables 1 and 2 of Gehrels (1986) . c References:
(1) This work; (2) Green et al. (2001) ; (3) Miller et al. (2006); (4) ; (5) Gallagher et al. (2005) ; (6) Gallagher et al. (2004) ; (7) Braito et al. (2004) ; (8) Brandt et al. (1999) ; (9) Lawrence et al. (1997) ; (10) Laor et al. (1997) ; (11) Green & Mathur (1996) ; (12) Rigopoulou et al. (1996) ; (13) Wang et al. (1996) ; (14) Wilkes et al. (1994) ; (15) Elvis & Fabbiano (1984) . 
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a The exposure times and photon counts are obtained after screening the data for flaring. b For details about the source and background extraction regions see §2. The errors on the source counts were computed by propagating the asymmetric errors on the total and background counts using the approach of Barlow (2004) . The total and background count errors were obtained from Tables 1 and 2 of Gehrels (1986) . c references: (1) Imanishi & Terashima (2004) ; (2) however, in cases where these regions were covering other X-ray sources, the background spectra were extracted from source-free circular regions with radii of 150 ′′ in the vicinity of the source. The numbers of counts in the source regions at energies of 0.5-2 keV are presented in Table 2 . The RMFs used for spectral fitting were obtained from the public calibration database.
10 The ARFs were generated with the pcarf routine; this routine does not include aperture corrections, and therefore the ROSAT fluxes were aperture-corrected using the integrated ROSAT PSPC PSF.
ASCA observations
For the ASCA observations of our sample we used xselect to extract the spectra from the previously processed clean events files publicly available in the Tartarus (Version 3.1) database.
11 We have extracted spectra from only the SIS cameras. This was based on the fact that the SIS cameras have a wider range of energy sensitivity and better angular resolution than the GIS proportional counters. For the SIS, the counts from each quasar were extracted from circular regions with aperture radii of 3.2 ′ . The background spectra for the SIS observations were extracted from source-free polygons covering most of the nominal chip at distance > 4.2 ′ from the source center. The background subtracted SIS count rates in the 0.6−9.5 keV band are presented in Table 4 .
BeppoSAX and Einstein observations
For the BeppoSAX and Einstein observations of our sample we collected the count rates from already published works. The count rates for the BeppoSAX MECS observations were obtained from Braito et al. (2004) in the case of Mrk 231 and from Brandt et al. (1999) in the case of CSO 755. The published count rates were extracted in the 1.8-10 keV band using circular regions with radii 2 ′ and 3 ′ for Mrk 231 and CSO 755, respectively. The count rates for the Einstein IPC observations of our sources were obtained from Wilkes et al. (1994) . These count rates were extracted in the 0.16-3.5 keV band using circular regions with 3 ′ radii. We used the Portable, Interactive Multi-Mission Simulator software (PIMMS; Mukai 1993) to derive X-ray fluxes from the published BeppoSAX and Einstein count rates.
New X-ray detection of IRAS 14026+4341
In this work we report for the first time an X-ray detection of IRAS 14026+4341, a highly polarized BAL quasar that has been studied in detail at other wavelengths (e.g., Boroson & Meyers 1992; Hines et al. 2001) . We detect this source with a statistical significance of ≈ 4σ in the MOS2 observation performed on 2005 Nov 26, ≈ 3σ in the MOS1 observation performed on 2006 Jan 16, and ≈ 5σ in our new ACIS-S observation performed on 2010 Jul 28. The significances of the detections of IRAS 14026+4341 were calculated by estimating the Poisson probability of obtaining at least the observed number of counts based on the expected background. This probability provides a statistical test of the null hypothesis that the observed photon counts solely originate from the background. For the MOS2 observation performed on 2005 Nov 26 there are 21 counts detected with a predicted background number of 6.63, and therefore the null probability is 6.6 × 10 −6 ; i.e., we reject the null hypothesis with a significance of ≈ 4.4σ. For the MOS1 observation performed on 2006 Jan 16 there are 19 counts detected with a predicted number of 7.45, and therefore the null probability is 2.8×10 −4 (significance of ≈ 3.4σ). For the Chandra observation there are 6 counts detected with a predicted background number of 0.22, and therefore the null probability is 1.3 × 10 −7 (significance of ≈ 5.1σ). The detections of IRAS 14026+4341 in the MOS cameras are close to the detection threshold, and therefore different choices of energy range and/or source and background extraction regions could result in a non-detection of the source as in the case of Ruiz et al. (2007) . For the observations of IRAS 14026+4341 we have used our default annular background region. As an additional test of the detections of IRAS 14026+4341 in the MOS cameras, we select two 80
′′ radius source-free circular regions in the vicinity of the source as the background. Using these background regions for the MOS2 observation performed on 2005 Nov 26, the predicted numbers of background counts are 7.98 and 9.66. Thus the detection significances are ≈ 3.7σ and ≈ 3.1σ. For the MOS1 observation performed on 2006 Jan 16 the predicted numbers of background counts are 6.41 and 7.76; therefore the detection significances are ≈ 3.9σ and ≈ 3.3σ. The detection of IRAS 14026+4341 in its Chandra observation has ≈ 5σ significance independent of the selection of the background region. For example, using as background regions two 20 ′′ radius source-free circular regions in the vicinity of the source, the expected numbers of background counts are 0.24 and 0.32. Thus, the detection significances are ≈ 5.1σ and ≈ 4.7σ.
SPECTRAL ANALYSIS
The spectral analysis of our sample was undertaken with the main goal of searching for long-term flux variability within the set of X-ray observations of each source. Our objective is not to perform a detailed spectral modeling of each source in our sample but to obtain robust basic flux measurements. Spectral analysis was performed using xspec v.12.0; the fitting bands used were 0.5-8 keV for the Chandra observations, 0.5-10 keV for the XMM-Newton MOS observations, 0.3-10 keV for the XMM-Newton pn observations, 0.6-9.5 keV for the ASCA SIS observations, and 0.5-2 keV for the ROSAT PSPC observations. The spectral fits were performed in the full fitting band of each instrument using the Cstatistic (Cash 1979) . The C-statistic may not be appropriate to utilize when performing background subtraction. To use the C-statistic properly, we fit the background spectra with a flat response using the cplinear model.
12 The background model is scaled and subtracted when we fit the source spectra.
For Chandra we performed fits using each of the new and archival observations. For XMM-Newton we performed fits using each of the EPIC cameras with detected spectra separately; we also performed joint fits using the three EPIC cameras together. The fits from each separate EPIC camera are consistent with the joint fits, and Note. -The SIS count rates are for the 0.6−9.5 keV band extracted from a circular region of radius 3.2 ′ . Count rate upper limits are at the 3σ significance level. The count rates and exposure times for all the observations with exception of the one of IRAS 07598+6508 have been obtained selecting source and background regions from the cleaned event files of the NASA Tartarus database (version 3.1; http://astro.ic.ac.uk/Research/Tartarus). The upper limits and exposure times for the observation of IRAS 07598+6508 have been obtained from . a The exposure times and photon counts are obtained after screening the data. b references: (1) this work; (2) ; (3) therefore we present only the joint fits in this work. The same conclusion was obtained for the ASCA SIS cameras, and therefore we present only the joint fits of the SIS0 and SIS1 cameras in this work.
For deriving fluxes and luminosities of each source we used a simple power-law model including intrinsic absorption in the cases where significant absorption was found (> 99% level of significance); in all cases we included Galactic absorption from Dickey & Lockman (1990) . Galactic absorption column densities (from Dickey & Lockman 1990) were obtained at the optical coordinates of the sources (see Tables 1 and 2 ) through the use of the HEASARC N H tool.
13 The power-law photon index (Γ) was free to vary for those Chandra, XMM-Newton, and ASCA observations where the signal-to-noise ratio (S/N) of the observation was greater than seven. The value of S/N is estimated from the total 13 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl number of counts divided by the average of the upper and lower error bars; the total photon counts with their error bars are found in Tables 2, 3 and 4. In the cases where S/N ≤ 7 and for the ROSAT observations, 14 we fixed the photon index to the weighted average if there are other observations of the source with S/N > 7 or otherwise to 1.8. It is important to emphasize that we are not correcting for intrinsic absorption when we derive fluxes. This allows us to make reliable estimations of the absorbed fluxes and luminosities regardless of the model that we are using since these quantities are rather insensitive to spectral model choice. Given the low S/N of most of the spectra analyzed in this work, a simple or absorbed power-law gives an acceptable fit for almost every observation; however, in a few cases of high S/N Note. -The best-fit column densities were obtained from a power-law model with intrinsic absorption at the redshift of the source. The same model was used to estimate the best-fit photon index and C-statistic for the observations of PG 0946+301, Q 1246−057, SBS 1542+541, CSO 755, and PG 2112+059. The best-fit photon index and C-statistic for all the other observations were obtained from an unabsorbed power-law model. In all the fits we have assumed Galactic absorption with column densities obtained from Dickey & Lockman (1990 Table 5 of Steffen et al. 2006 ) and a power-law spectrum with Γ = 1.9. The sources marked with * present evidence of variability in at least one of the energy bands considered. The horizontal dotted lines correspond to the best-fit constant flux. (S/N > 25) where we find evidence of complexity in the spectra, we also estimate fluxes and luminosities using more complex models (see §4.2).
The best-fitted parameters using a power-law model are presented in Table 5 .
There are five sources that presented evidence of absorption in their spectra; these sources are PG 0946+301, Q 1246−057, CSO 755, SBS 1542+541, and PG 2112+059 (see Table 5 ). PG 0946+301 shows in both Chandra and ASCA observations moderate-to-strong absorption with column densities ∼ 10 23 cm −2 . This source presents moderate and low S/N in its Chandra and ASCA observations, respectively. Therefore, new Chandra and/or XMM-Newton observations with exposures 20 ks are needed in order to better constrain the absorption found in PG 0946+301. Q 1246−057 shows moderate intrinsic absorption (N H ∼ 10 22 cm −2 ) as we confirm in the Chandra observation performed in 2000 and the XMM-Newton observation performed in 2001 (first studied by Grupe et al. 2003) . CSO 755 presents moderate intrinsic absorption (N H ∼ 10 22 cm −2 ) as we confirm in the XMM-Newton observations (first studied by Shemmer et al. 2005) . SBS 1542+541 shows low intrinsic absorption (N H 10 22 cm −2 ) as we confirm in the last XMM-Newton observation performed in 2002 (first studied by Grupe et al. 2003) . PG 2112+059 presents evidence of moderate absorption only in its ASCA observation performed in October 1999 (first studied by Gallagher et al. 2001) ; however, the flat measured power laws in other observations suggest absorption is likely present.
The derived X-ray fluxes in the 0.5-2 keV, 2-8 keV, and 0.5-8 keV bands from simple or absorbed power-law fits are presented in Table 6 and Figures 2, 3 , and 4. There we have also presented fluxes from observations with BeppoSAX and Einstein; these fluxes were ob- tained from published count rates using the PIMMS tool (see §2). We assumed power-law spectra with the average parameters (Γ and N H ) taken from spectral fits of the high S/N observations of each source. The error bars for the BeppoSAX MECS observations were obtained by propagating the uncertainties on the instrumental background 15 and source count rates presented in Brandt et al. (1999) and Braito et al. (2004) . The Einstein observations of our sources provided only upper limits. We confirmed that the estimates of Einstein fluxes with PIMMS give a reliable result by comparing our values with those of Wilkes et al. (1994) ; in general the differences are less than 10%. Similarly, our BeppoSAX fluxes are consistent within 10% with those of Brandt et al. (1999) and Braito et al. (2004) .
Note that we have only estimated fluxes and luminosities in the bands where the instruments are sensitive. Therefore, in the case of the ROSAT PSPC and Einstein IPC observations we only present fluxes in the 0.5-2 keV band, and in the case of the BeppoSAX MECS we only
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To estimate the background count rates we used the background files found at the NASA HEASARC site (http://heasarc.nasa.gov/docs/sax/archive/calibration files.html). present fluxes in the 2-8 keV band.
RESULTS AND DISCUSSION
In this section we describe the main results found in the X-ray variability study of our BAL quasar sample. In §4.1 we constrain variability using simple power-law models (as described in §3) to estimate fluxes; in §4.2 we constrain variability using more complex models to estimate fluxes; finally, in §4.3 we examine possible physical scenarios to explain the results found.
Long and short-term variability
Long-term variability was assessed initially by comparing the fluxes in the 0.5-2 keV, 2-8 keV, and 0.5-8 keV bands for all the detections of each source. In order to test the significance of any variability, we calculate for each source the χ 2 statistic where the data points are the fluxes of each observation (with their respective 1σ errors) and the model is the best-fit constant flux. The χ 2 value provides a statistical test of the null hypothesis that the flux of each epoch is equal to the best-fit flux (average flux weighted by errors) of all the observations.
In Table 7 we list the best-fit constant fluxes for each source in each band. In this table we also have as a second test of the variability found we add in quadrature to the error bars of each measured flux a 10% error.
The new constant flux estimates with their χ 2 values and significances are presented in Table 7 . We find that three (PG 1001+054, PG 1004+130, and PG 2112+059) out of the five variable candidates show significant variability (at a level > 99%) in the measured fluxes.
We have made a basic comparison of the fraction of X-ray variable BAL quasars in our sample with the larger Chandra quasar sample of Gibson & Brandt (2012) . To make an appropriate basic comparison with this sample, we obtain the average S/N of the observations of each source in our sample (see Table 8 ). These S/N values are converted to an equivalent number of counts in the Chandra full band (see Table 8 ). We assume that the errors in the Chandra counts are given by Tables 1  and 2 of Gehrels (1986) . We proceed by obtaining the expected variability detection probability for each source based on the count-dependent fraction of variable sources found in §3.2 of Gibson & Brandt (2012) . For this purpose, we have divided the sources in Gibson & Brandt (2012) into four count ranges: 1-10, 10-100, 100-1000, and 1000-10000 counts. The fractions (variability detection probabilities) of detectably variable sources in each range are 0.02, 0.20, 0.43, and 0.80. For each source we select one of these four values based on its equivalent average counts in the Chandra full band (see Table 8 ). Adding the probabilities found in Table 8 , the expected number of variable sources is ≈ 3.5. Therefore, the fraction of X-ray variable sources appears comparable to that expected for normal quasars. As is shown in Gibson & Brandt (2012) , the fraction of detectably variable sources in X-rays has a first-order dependency on the S/N of the observations of each source. This is because the sensitivity to measure any change in the flux increases with S/N. Additionally, the UV luminosities of our sources are broadly comparable to those of the sample of Gibson & Brandt (2012) , although both sets of sources span large ranges of luminosity (see Figure 5) . The mean luminosity of our sample ( L 2500 = 30.95±0.31) is similar to the mean luminosity of the sample of Gibson & Brandt (2012) ( L 2500 = 30.55 ± 0.04). Therefore, any secondary luminosity dependency (e.g., Nandra et al. 1997; Manners et al. 2002) 16 of the variability should not fundamentally affect our basic comparisons with Gibson & Brandt (2012) .
The ratio of maximum-to-minimum fluxes of the variability is 3.8 ± 1.3, 1.5 ± 0.2, and 9.9 ± 2.3 for PG 1001+054, PG 1004+130, and PG 2112+059, respectively. These ratios have been calculated in the 2-8 keV band since in this band all the sources present variability. Additionally, the shortest rest-frame timescales of significant variability were approximately 5.8, 1.4, and 0.5 yr for PG 1001+054, PG 1004+130, and PG 2112+059, respectively. Since in general there is not extensive coverage of sources with a single X-ray mission (with the exception of PG 2112+059 and Mrk 231), the flux uncertainties of our variability analysis are greater than 10%. Hence, for most of the sources we are not sensitive to amplitude changes 1.4. 17 In general the amplitude 16 Not clear relation was found between luminosity and X-ray variability in Gibson & Brandt (2012) .
17 Assuming two flux measurements with a fractional error of threshold for variability detection is higher than 1.4, especially for observations with less than ∼ 100 counts, for which errors in the flux are above 10%. As found in Table 8 the maximum-to-minimum flux amplitudes of the sources that do not present statistically significant variability are 10-100% in the 2-8 keV band.
Notice that in the variability searching above we have not taken into account flux upper limits. In general, as seen from Figures 2, 3 , and 4, the typically loose flux upper limits do not present any new useful information regarding variability; specifically, the upper limits are usually above or not far below the best-fit constant flux. As one basic illustrative test to see if the upper limits give any new information about variability, we assume that the upper limits are detections with fluxes given by one half of the threshold and error bars that are three tenths of the upper-limit value.
18 Under this assumption we test for variability by calculating the fits of constant flux in Table 7 . The test with the upper limits presented in Table 7 is with 10% cross-calibration errors taken into account. From this test we find that the upper limits are possibly giving new information about variability in just one case. This case corresponds to the Einstein upper limit for PG 1004+130. From Figure 2 and Table 7 it is clear that the upper limit increases the significance of the soft-band variability of PG 1004+130. Since this source has already shown variability in the hard band and possibly full band, adding the upper limit does not contribute any material change to the conclusions of the variability analysis.
We also searched for rapid variability in the high signal-to-noise ratio (S/N > 25) Chandra, XMM-Newton, ASCA, and ROSAT observations by applying the Kolmogorov-Smirnov test to the photon arrival times. No significant variability (at a level of sig-nificance >99%) in the full band of each instrument was found.
As illustrated with the shaded regions in Figures 2, 3 , and 4, the BAL quasars in our sample are usually X-ray weak by factors of ≈ 2-100 relative to expectations for non-BAL quasars (see §4.3 for further discussion). Thus, any substantial removal of the shielding gas responsible for this X-ray weakness (see §1) from our line of sight should lead to large X-ray flux changes-changes that are larger than the upper limits that we typically place above upon allowed X-ray variability. The fact that such large X-ray flux changes appear rare over 3-30 yr suggests that the shielding gas is fairly stable, even on timescales sufficiently long to allow significant physical rearrangement and accretion-disk rotation. This fact should be considered in future modeling of BAL quasar X-ray absorption variability (e.g., Sim et al. 2010) as well as in interpretation of UV BAL variability results (e.g., Gibson et al. 2008 Gibson et al. , 2010 Capellupo et al. 2011 Capellupo et al. , 2012 Filiz Ak et al. 2012 ).
Flux variability in complex spectra
For low S/N observations it is not possible to probe effectively spectral complexity that deviates from the power-law models used in §3. However, in cases where the S/N is sufficiently high we can quantify these deviations. We address this issue by grouping with a minimum of ten counts per bin the high S/N observations (S/N > 25) and then performing F -tests to assess the improvement of the fits from a power-law through the use of more complex alternative models.
The alternative models selected are used to probe complex absorption and to corroborate previous studies of sources in our sample (e.g., Maloney & Reynolds 2000; Gallagher et al. , 2004 Schartel et al. 2005 Schartel et al. , 2010 Miller et al. 2006) .
19 Through this method we find that in three sources at least one of the alternative models improves the fit with significance > 99% in every high S/N observation; these sources are Mrk 231, CSO 755, and PG 2112+059. In the case of Mrk 231 there were two models (models 6 and 7 in Footnote 19) that provide improvement of the fits in every high S/N observation. These models are thermal plasma + two absorbed power-laws and thermal plasma + reflection spectrum. Note that when we use a model with two absorbed power-laws, each power-law component has the photon index fixed to Γ = 2 and the column density free to vary. The power-law that is heavily absorbed represents the intrinsic X-ray emission and the second power-law with less absorption represents scattered emission (see, e.g., Braito et al. 2004 ). In the case of CSO 755 an ionized absorbed power-law model improves the fit in the only high S/N observation (in agreement with Shemmer et al. 2005 ). In the case of PG 2112+059 there were two models that show improvement of the fits 19 These models are (1) absorbed power-law with iron emission line, (2) ionized-absorbed power-law (xspec model absori), (3) partially covered absorbed power-law, (4) reflection spectrum (xspec model pexrav), (5) thermal plasma (xspec model vraymond) + power-law, (6) thermal plasma + two absorbed power-laws (scattered spectra), (7) thermal plasma + reflection spectrum, (8) reflection spectrum from ionized media (xspec model pexriv), and (9) power-law with absorption from a blueshifted iron line.
in every high S/N observation. These models are thermal plasma + two absorbed power-laws and reflection spectrum from ionized media.
Based on these fitting results, we have recalculated the fluxes in each observation and band for Mrk 231 and PG 2112+059 using the thermal plasma + two absorbed power-law model, and for CSO 755 using an ionized-absorbed power-law model.
20
The fluxes obtained using these new models are presented in Table 9 and plotted in Figure 6 . The models used to obtain the fluxes in Figure 6 (and Table 9 ) involve more parameters than a simple power-law; therefore, the error bars on the fluxes in this figure are in general somewhat larger than those obtained in Figures 2, 3 , and 4. The flux-variability analysis for Mrk 231, CSO 755, and PG 2112+059 using complex models is consistent with that using a simple power-law model (see Table 7 and §4.1). Additionally, the weighted average fluxes obtained for Mrk 231, CSO 755, and PG 2112+059 through the use of more complex models are within 20% of those obtained using a power-law model (see Table 7 ). Therefore, as expected, our main variability results appear robust to alternative modeling of the spectra.
4.3. Spectral variability As expected our sample of BAL quasars is generally X-ray weak when compared with RQQs of similar UV luminosities (see Table 10 and Figures 2, 3, 4, and 7) . On average our sample has luminosities at rest-frame 2 keV that are ≈ 20 times weaker than expectations for RQQs (Steffen et al. 2006; Just et al. 2007) . With the exceptions of CSO 755 and SBS 1542+541, which are as X-ray luminous as typical RQQs, all of our sample is 3σ below the α ox − L UV and L 2keV − L UV relations (see Table 10 and Table 5 of Steffen et al. 2006 ). In Figure 7 we have plotted α ox and L 2keV versus L UV for our sample. For the cases of X-ray variable sources we have marked the states of maximum and minimum X-ray flux in the α ox − L UV and L 2keV − L UV diagrams assuming that the UV luminosity is constant. The assumption that the UV luminosity is constant is required given that the X-ray observations do not have simultaneous optical/UV follow-up in general. However, in general it is expected that the luminosity in the UV will vary much less than that in the X-rays. For example, the XMM-Newton observations of PG 2112+059 present maximum-to-minimum flux ratios in the X-rays of ≈ 6 and in the optical of ≈ 1.1 (Schartel et al. 2010) .
To perform a basic test for X-ray spectral variability, we utilize the effective photon index from a simple power-law fit, recognizing that this photon index may not have a direct physical interpretation in cases of complex spectra. Using the same variability test as in §4.1, we conclude that changes in Γ have significances > 99% for PG 1004+130 and PG 2112+059.
21 For PG 2112+059
20 The error in the estimated fluxes using the thermal plasma + two power-law model depends mainly on the normalization of the two power-laws (n PL1 and n PL2 ), and therefore we estimate the error on the flux in a given band (f BP ) by ∆f BP = | the changes in Γ are confirmed with significant variability (> 99% significance) in the complex fits hard-to-soft flux ratios (f 2−8 /f 0.5−2 ) (see, e.g., Table 9 ). In the case of PG 1001+054, the low S/N of the Chandra observation does not allow us to constrain the photon index well, and therefore we cannot tell if there is any change in the shape of the spectra. We conclude that the flux variability of PG 1004+130 and PG 2112+059 shows associated spectral variability.
From our spectral analyses alone it is not possible to explain the extreme weakness of the X-ray luminosities of our sources; however, this is likely associated with complex absorption. As already noted in §3 almost half of our sample (five out of eleven) presents direct evidence of absorption. Additionally, the flat effective spectral indices measured for most of the sample could be an indication of absorption. For example, as described in Miller et al. (2006) , the hard spectrum of PG 1004+130 could imply partially covering absorption. Furthermore, based on our spectral analyses it is likely that the observations of Mrk 231 and the weak states of PG 2112+059 correspond to epochs of heavy absorption (N H > 10 23 cm −2 ). Therefore, the complexity in the observed spectra of these sources could be the result of heavily absorbed emission plus scattered emission (see §4.2). In the case of Mrk 231 this picture has been shown to be plausible in the joint spectral analysis of XMM-Newton and BeppoSAX observations at energies between 0.2-50 keV performed by Braito et al. (2004) . The spectral softening of PG 2112+059 with increasing flux might be explained by an increase in the observable X-ray emission due to a decrease in the absorption (see §4.2). Alternative interpretations of the physical picture for PG 2112+059 (e.g., a reflection dominated spectrum) . These values were computed from the flux densities at rest-frame wavelength 2500Å using the corrected for galactic reddening flux densities of the closest optical magnitude and extrapolating a power-law with α = −0.5 (e.g., Vanden Berk et al. 2001) . b Logarithm of the 2−10 keV band luminosity (with units erg s −1 ). For each source this quantity was obtained from the weighted-average luminosities of the Chandra, XMM-Newton, and ASCA observations in the 2−10 keV rest-frame band. The luminosities have been corrected for Galactic absorption. c Logarithm of the monochromatic luminosity at rest-frame 2 keV (with units erg s −1 Hz −1 ). For each source this quantity was obtained from the weighted-average flux of the Chandra, XMM-Newton, ASCA, and ROSAT observations at 2 keV rest-frame. d The difference between the measured and the predicted log L 2keV for RQQs, based on the Just et al. (2007) relation: log L 2keV = 0.709 × log L2500 + 4.822 . e Logarithm of the flux in the 2−8 keV band (in units of 10 −14 erg cm −2 s −1 ). For each source this flux was obtained from the weighted-average flux of the Chandra, XMM-Newton, BeppoSAX , and ASCA observations in the 2−8 keV band. f The difference between the measured and the predicted flux in the 2−8 keV band for RQQs. The predicted fluxes in the 2−8 keV band are obtained from the expected fluxes for RQQs at 2 keV rest-frame (Just et al. 2007 ) assuming a power-law spectrum with Γ = 1.9. g The optical-to-X-ray power-law slope αox = log(f 2keV /f 2500Å )/log(ν 2keV /ν 2500Å ). h The difference between the measured αox value and the predicted αox for RQQ, based on the Just et al. (2007) relation: αox = −0.140 × log L 2500Å + 2.705.
can be found in Schartel et al. (2010) . The ASCA observation of PG 2112+059 presents a typical quasar spectral shape with absorption that is moderate enough so the majority of the X-ray emission can get through the absorber. Therefore, the X-ray emission of PG 2112+059 in its brightest state is likely to be dominated by unabsorbed emission over scattered emission. The hardening of the spectra with increasing flux for PG 1004+130 is not easily explained with absorption alone; its origin could be more complex due to X-ray jet-linked emission (for details see Miller et al. 2006) . Future X-ray observations, especially with high sensitivity above 10 keV such as those with NuSTAR and ASTRO-H , will help to clarify the physical picture of these sources.
SUMMARY AND FUTURE WORK
We have analyzed Chandra, XMM-Newton, BeppoSAX , ASCA, ROSAT , and Einstein observations of eleven BAL quasars to perform the first systematic investigation of the long-term X-ray variability of this population on rest-frame timescales of 3-30 yr. For seven out of the eleven sources we have also obtained and reported on new Chandra observations suitable for detecting any strong X-ray variability. Our main conclusions are the following:
1. We find that three (PG 1001+054, PG 1004+130, and PG 2112+059) of the eleven sources show significant flux variability (at a confidence level > 99%). The maximum observed amplitude of this variability in the 2-8 keV band is a factor of 3.8 ± 1.3, 1.5 ± 0.2, and 9.9 ± 2.3 for PG 1001+054, PG 1004+130, and PG 2112+059, respectively. These three sources show detectable variability on rest-frame timescales down to 5.8, 1.4, and 0.5 yr,
respectively. See §4.1 and §4.2.
2. The flux variability of PG 1004+130 and PG 2112+059 has associated spectral variability (the data for PG 1001+054 do not allow effective investigation of spectral variability). This spectral variability may be induced by absorption changes, although the hardening of PG 1004+130 when it brightens is puzzling in this regard. See §4.3.
3. The eight sources in our sample without significantly detected X-ray flux variability are constrained by our data to have varied by less than 10-100%. See §4.1.
4. We do not find that BAL quasars exhibit exceptional long-term X-ray variability when comparing the measured variability for our whole sample to that of non-BAL quasars. Strong changes in the X-ray absorbing shielding gas, owing to physical rearrangement or accretion-disk rotation, appear relatively rare (although some changes are present).
Since the shielding gas is critical for setting the ionization level of the wind that produces UV BALs, our results have implications for modeling BAL variability. See §4.1.
5. We report for the first time an X-ray detection of the highly polarized and well-studied BAL quasar IRAS 14026+4341. We detect this source with a statistical significance of ≈ 5σ in our new Chandra observation. See §2.6.
This first systematic investigation has significantly improved constraints upon the long-term X-ray variability Fig. 7. -Logarithm of the monochromatic luminosity at rest-frame 2500Å versus αox (upper panel) and logarithm of the monochromatic luminosity at rest-frame 2 keV (lower panel). Monochromatic luminosities used here have units of erg s −1 Hz −1 . Black-filled circles are data from Steffen et al. (2006) ; arrows indicate X-ray upper limits. Dashed lines are the best-fit linear relations for their combined sample. Our sample is represented with filled and open triangles for sources with and without variability, respectively. For variable sources we have plotted the state of minimum and maximum flux joined with a dotted line. PG 1004+130 does not show variability in soft X-rays, and therefore its 2 keV luminosity is presented as a single point.
of BAL quasars in general. However, further improvements are needed in the number of objects monitored, the number of monitoring epochs, the number of detected counts per epoch, and the bandpass coverage. Improving the numbers of objects and epochs will set better constraints upon the frequency of significant absorption changes; this could be achieved with, e.g., additional Chandra and XMM-Newton observations. Improving the number of detected counts per epoch or extending the the bandpass coverage to higher energies will enable better physical understanding when absorption changes are detected; missions including NuSTAR, ASTRO-H , and Athena are required for such observations. We thank the referee for constructive feedback. We gratefully acknowledge support from NASA ADP grant NNX10AC99G (CS, WNB), NSF grant AST-1108604 (WNB), and NASA grant SAO SV4-74018 (GPG, Principal Investigator). SCG thanks the Natural Science and Engineering Research Council of Canada and the Ontario Early Researcher Award Program for their support. FEB and CS acknowledge support from Programa de Financiamiento Basal and CONICYT-Chile under grants FONDECYT 1101024 and 3120198 and fondap-cata 15010003. This research has made use of the Tartarus (Version 3.1) database, created by Paul O'Neill and Kirpal Nandra at Imperial College London, and Jane Turner at NASA/GSFC. Tartarus was supported by funding from PPARC, and NASA grants NAG5-7385 and NAG5-7067.
